GreenLight photoselective vaporization of prostate (PVP) is increasingly becoming popular as a day case operation in many countries. The learning curve with this technique appears to be small. However, training is still somewhat limited as are formal descriptions of the technique. We review the technical aspects of this procedure.
Introduction
Transurethral resection of prostate (TURP) has until recently been considered the standard treatment for men with BPH. 1 However, the search for an ideal surgery for bladder outlet obstruction did not finish there, and the ideal balance between maximal efficacy and minimal morbidity remains to be found. Ideally, a day case procedure offering beneficial results at least equivalent to TURP would seem desirable. Several newer surgical modalities have since been developed with a reduction in overall morbidity, but at the same time offering good medium to long-term functional results. [2] [3] [4] [5] [6] [7] Techniques using lasers in particular, have gained wide acceptance because of their favourable safety profile.
GreenLight photoselective vaporization of prostate (PVP) technique has gained extensive popularity, particularly due to minimal bleeding and absorption, and gives immediate tissue debulking (similar to conventional TURP). [8] [9] [10] [11] PVP has evolved as a true day case procedure in the UK and many other countries, often being carried out as a catheter-free operation. However, formal descriptions of technique and training are still limited.
In this review, we will look at the technical aspects of this increasingly common procedure.
Photoselective vaporization using 80 W KTP laser system >The 80 W KTP laser system (GreenLight PV, American Medical Systems, Minnetonka, MN) uses a 701 side firing fibre, emitting laser light at a wavelength of 532 nm. This has minimal water absorption, but is preferentially absorbed by vascularised tissue enabling vaporization with a small but dense zone of coagulation, giving a relatively bloodless cavity.
Pre-op evaluation of these patients should be according to local protocols for bladder outflow obstruction. We carry out assessment of International Prostate Symptom Score (IPSS) and international index of erectile function (IIEF)-5 scores, urine flowmetry, residual urine and prostate volume estimation, prostate-specific antigen (PSA) and a digital rectal examination. Those with raised PSA or suspicion of cancer should be evaluated with TRUS biopsy of the gland, as tissue retrieval is not routine with PVP. We feel that volume measurement is particularly important in large glands, to help estimate vaporization time and energy required.
Anaesthesia
A short general anaesthetic is the preferred type in these patients. Fentanyl 50 mcg (or 0.5 mcg/kg) and propofol 200 mg (or 2 mg/kg) are given at induction and oxygen, nitrous oxide and sevoflurane are administered by way of a laryngeal mask airway at a MAC of 0.8-1.2. A prophylactic antibiotic (gentamicin) is given to all patients at induction. Patients also receive a dose of ketorolac 30 mg IV near the end of the procedure.
Regional anaesthesia can be used but precludes catheter-free surgery. We have occasionally used local anaesthetic blocks and sedation but have not been convinced of acceptable efficacy or benefits in safety over controlled light general anaesthesia.
Technique of vaporization
The anatomical landmarks are the same for PVP and TURP. However, there is wide operator variability in the technique of vaporization and individual surgeons will develop their own technique. The GreenLight PV laser is a 701 side-firing fibre ( Figure 1 ) and it is vitally important to use the correct fibre handling technique ( Figure 2 ). We use a 'spiral technique' of vaporization (see below). Other techniques are described, but all share the same basic technique of vaporization.
Vaporization is carried out in the non-contact mode. A high standard video camera system is used to optimize visualization and allow the surgeon to observe a safe working distance from the laser fibre. Normal saline is preferred as the irrigant, as although water can be used, there appears no benefit in vision. 12, 13 Vaporizing is usually started at the bladder neck, but it is also possible to start vaporizing the lateral lobe tissue well inside the prostatic urethra. This can avoid any inadvertent bladder or ureteric orifice injuries in cases of huge prostates with big median lobes. The fibre is rotated to evenly vaporise tissue down to the level of the transverse fibres by constant sweeping over the tissue. The goal of all techniques is to create a TURP-like cavity with minimal bleeding.
The 'Spiral' technique of PVP
This technique makes use of the concept that previously lasered tissue becomes more dense and reflective, thus decreasing laser efficiency. Thus, an area should be fully lasered before moving on to the next.
In the spiral technique, vaporization is begun at the middle lobe. Once this and the bladder neck are dealt with, the proximal lateral lobes are dealt with, sometimes in several stages, before finally coming down to the floor of the prostate and the apex.
This allows a clear cavity to develop in a stepwise fashion, as if spiralling down through the prostate. It can be difficult to ascertain the 'capsule' of the prostate, as the lasered tissue can develop a fairly homogenous appearance. Certainly, at the end of the procedure the verumontanum should be clear of obstruction and there should be a clear passage from the apex to the bladder base. One may wish to consider bladder neck incision at the completion of the procedure. These steps are shown in Figure 3 .
One may occasionally encounter a huge middle lobe, which can be a problem at the end of vaporization as a tiny flap of middle lobe may obscure ureters. In such rare instances it is wise to consider a mini-resection of the residual middle lobe (Figure 4 ). This occurs only in occasional huge prostates.
At the end of the procedure, a catheter can be placed temporarily: we do not usually place post-operative catheters in small to medium-sized glands. However, in large prostates and in a surgeon's initial cases it seems sensible to leave a small soft catheter overnight.
The main difference between a TURP and PVP lies in the tissue retrieval, as with PVP no tissue is usually GreenLight photoselective vaporization of prostate K Rajbabu and GH Muir available (in fact it is not difficult, with experience, to cut samples for histology using the laser fibre). PVP confers a significant advantage in cases of huge prostate glands when TURP is not possible with its associated risks of absorption and bleeding.
On the basis of our experience at our institution, where over 800 PVPs have been performed since October 2002, we have observed an early re-operation rate of 1% and irrigation or bladder washout rate of 2%. This is despite operating on many high-risk patients with multiple comorbidities, and huge prostates over 100 ml in size, and those presenting in retention.
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Training issues
The learning curve is in our experience favourable: even inexperienced resectionists soon acquire PVP skills when properly taught and supervised. From our early analysis of the learning curve of surgeons of differing levels, most surgeons gain a basic competence in small prostates after 10-20 cases. It usually takes more cases to gain enough experience to tackle large prostates or high risk patients. We recommend the following tips for a beginner in PVP.
1. Start with small prostate glands (30-40 g) and to avoid retention, big middle lobes and prostatitis. 2. Leave a catheter and keep the patient in hospital overnight. The latter point helps convince the nursing staff that the procedure is safe! 3. Bear in mind the risks of laser fibre damaging the cystoscope (this laser will melt steel). 4. Always use sufficient energy for adequate vaporization of tissue; as a rough guide for a small prostate of 30-40 g one needs to use between 100 and 150 KJ of energy. For larger prostates, more energy is needed. There is no upper limit to the amount of energy used, but we tend to limit the procedure to 2 h maximum for logistic reasons.
Bleeding during PVP
Like any surgery PVP is not without risks of intraoperative problems. Although serious bleeding is very rare, minor bleeding occurs from time to time (as indeed it can during a simple cystoscopy and biopsy). Minor bleeding during PVP always looks much worse that during TURP due to the smaller (21-23F) telescopes. If visibility is clear, it should be possible to ignore the bleeder and carry on with vaporization or one may increase the speed of irrigation. For large prostates a suprapubic catheter may provide additional continuous irrigation enabling good vision. In addition in huge glands (4100 ml) preoperative use of a 5-a reductase inhibitor may help reduce initial contact bleeding by reducing the vascularity of the gland. However, if a bleeder is identified, either spraying the laser beam from a distance or reducing the power to 30 W and coagulating can be helpful. For bladder neck veins, catheter traction postoperatively for approximately 1 h can be used. However, conversion into TURP is almost never helpful.
Further learning points:
1. It is essential that the ureters are seen at the end of the procedure to ensure that they are not inadvertently damaged; as it may be possible to stent them if necessary immediately. 2. We have shown that there is no risk of absorption in PVP 17 but perforation can still occur although rarely, particularly when the fibre becomes end firing if broken at the tip during lasering. This may happen owing to too much rubbing of the fibre against the tissue. 3. Incontinence is possible as in the case of any prostate surgery, but this tends to be temporary urge incontinence. In our patients, we have not encountered any stress incontinence following PVP. 4. If a patient has bladder stones as well, PVP can be carried out first and the stones dealt with at the same operation. This may be carried out without the need for a post-operative catheter. 5. Presence of urethral stricture does not preclude one from using PVP as the same fibre can easily deal with the stricture. However, for isolated urethral stricture using the laser is not advisable for financial reasons, where an urethrotomy with a knife should suffice. 6. There is no sufficient data in the literature analysing the effects of PVP on erectile function. In our patients we did not find any adverse effects of PVP on sexual function in 50 consecutive patients ( Figure 5 ).
High-performance system
The recent innovation in the GreenLight involving 120 W energy is gaining popularity and initial results with this technique at our institution are exciting (unpublished). This GreenLight High Performance System (HPS) involves a 600 mm fibre emitting laser energy similar to the 80 W systems at 701 and at the 532 nm wavelength. The advantages of the HPS system include an enhanced GreenLight photoselective vaporization of prostate K Rajbabu and GH Muir vaporization compared to the earlier 80 W systems and allow switching between vaporization and coagulation modes (20 W) as and when needed. The initial results seem promising although further evaluation is necessary comparing the outcomes against the already existing laser forms.
